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GENERAL INTRODUCTION 
Treponema hyodysenteriae is the etiologic agent of swine dysen-
teri' (SD), a diarrheal disease of pigs (1, 2). The lesions caused by 
the organisms are restricted to the large intestine and the treponeme 
is not invasive beyond the lamina propria of the gut (3). Lesion 
characterization of SD was described by Whiting, et al. (4a) and by 
Clock and Harris (3). Typical gross lesions of SD consist of a 
catarrhal enteritis with accumulation of a mucofibrinous exudate on 
the mucosal surface, reddening of the luminal surface, and hemor­
rhages. Microscopic lesions include edematous thickening of the 
mucosa and submucosa, congestion of vessels near the luminal surface, 
and the presence of increased numbers of mononuclear and polymor-
phonoclear leukocytes in the lamina propria. Diffuse erosion of the 
superficial epithelium" is also a prominent feature. -Goblet cells are 
hyperplastic and later collapse with the extrusion of mucus. The 
treponemes can be seen invading the superficial epithelium of the 
crypts and goblet cells. Colonic crypts are dilated with large quanti­
ties of mucus and numerous T. hyodysenteriae organisms. 
A disease similar to SD can be induced in mice by oral inocula­
tion of mice with T. hyodysenteriae organisms. Furthermore, Joens 
and Kinyon (4b) have found the disease to occur in field mice which 
were trapped on farms having a history of SD. 
Lesions due to T. hyodysenteriae in mice are similar to those 
found in pigs (5). Although a watery diarrhea does not develop 
t 
and hemorrhages are rarely observed in mice, a catarrhal cecitis 
with reddened, edematous mucosa much like that of the colitis ob­
served in SD are the typical gross characteristics of the enteritis 
caused by T. hyodysenteriae in mice. Furthermore, the microscopic 
lesions caused by the bacterium in mice are very comparable to those 
found in pigs. 
Four serotypes of T. hyodysenteriae have been defined on the 
basis of the lipopolysaccharide (LPS) extracted from the organism (6). 
Isolates from all four groups are pathogenic in both mice and pigs, 
and all the isolates tested and known to be pathogenic in pigs are 
also pathogenic in mice (5, 7, 8). However, there are at least two 
isolates of T. hyodysenteriae which are pathogenic in mice, but not 
in pigs when inoculated orally (unpublished observation of Dr. L. A. 
Joens). Treponema innocens, on the other hand, is nonpathogenic in 
both pigs (9) and mice (5). 
The diarrhea observed in SD is due to a failure of transport 
systems of the mucosal epithelium to absorb actively sodium and . 
chloride ions from the gut lumen into the blood (10). The patho­
genic mechanisms of T. hyodysenteriae that cause the colonic mal­
absorption in pigs with SD have not been defined. 
Attachment of T. hyodysenteriae to the epithelial surface of 
the gut mucosa may be an important step in the expression of patho-
genecity of the treponeme. T. hyodysenteriae appears to invade 
both epithelial and goblet cells and can be seen in the lamina 
propria of SD affected animals (3), suggesting a role for attach-
ment to epithelial and goblet cells, but whether invasion is neces­
sary for lesion production is unknown. Attachment of T. hyodysen-
teriae to various types of mammalian cells in culture has been ob­
served (11, 12, 13), but cell damage due to attachment of the organ­
ism was not demonstrated. 
Salmonella typhimurium causes a diarrheal disease in swine 
which can easily be confused with SD due to similarities in clinical 
signs of the diseases (14). The disease caused by Salmonella in­
volves invasion of the intestinal mucosa (15, 16), which is essen­
tial to the pathogenesis of the disease (17). Furthermore, there 
is strong evidence that an intestinal inflammatory reaction to the 
organism may be involved in Salmonella-induced fluid secretion (18). 
Due to the presence of an inflammatory response noted in the intes­
tines of animals infected with T. hyodysenteriae, it is quite possi­
ble that the host response to the treponeme is actually detrimental 
and results in lesion production. Studies testing this hypothesis 
are outlined and discussed further in the appendices of the present 
manuscript. 
Enterotoxins play a major role in the diarrheal diseases 
caused by Escherichia coli (19, 20) and Vibrio cholerae (21). The 
existence of a treponemal enterotoxin has been investigated as 
well (12, 22). When broth cultures of pathogenic isolate B234 were 
inoculated into ligated colonic loops in pigs, gross lesions of SD 
were produced within 72 hours. Sterile supernatants of broth cul­
tures of pathogenic isolate B234, however, caused no gross or micro­
scopic lesions in ligated loops (22). Furthermore, pathogenic T. 
hyodysenteriae broth cultures sterilized by filtration or by dis­
ruption with ultrasound had no cytotoxic effect on various cell cul­
tures after 24 hours and were incapable of erythrolysis (12). These 
workers also described studies employing ligated colonic loops which 
confirmed the work mentioned previously. The data fail to support the 
concept that an enterotoxin is responsible for the disease caused by 
T. hyodysenteriae. 
T. hyodysenteriae and T. innocens can be differentiated on the 
basis of hemolysis produced on blood agar (9). T. hyodysenteriae 
yields a marked beta-hemolysis and T. innocens yields a weak beta-
hemolysis. It has been suggested that the hemolysin produced by 
T. hyodysenteriae could be a factor involved in the pathogenicity 
of the treponeme (23), but no definitive data have been reported 
that support this hypothesis. Furthermore, beta-hemolytic isolates 
lose their pathogenicity after-80 laboratory passages (24), but 
retain their ability to cause jnarked beta-hemolysis on blood agar 
(25). Thus, the correlation between the ability to produce marked 
beta-hemolysis and pathogenicity is not direct. 
Another candidate for a major role in the pathogenicity of T. 
hyodysenteriae is endotoxin. Endotoxins are lipopolysaccharide-
containing compounds derived from the outer envelope of Gram-nega­
tive bacteria. Endotoxins were first recognized for their ability 
to induce fever (reviewed in reference 26). Although endotoxins 
and LPS may differ with respect to chemical composition and in a 
5 
few cases, biologic activity, the activity attributed to bacterial 
endotoxins can usually be elicited with protein-free isolated LPS 
(reviewed in reference 27). Thus, in the present manuscript, the 
terms endotoxin and LPS will be used synonymously. 
Spirochetes have an outer envelope resembling that of Gram-
negative bacteria (28, 29, 30). Material has been obtained from 
treponemes which was similar to typical LPS antigenically or mor­
phologically (31, 32, 33). 
Several studies have suggested that spirochetal LPS is biolog­
ically active. A phenol-water extract of the spirochete Borrelia 
buccalis has been shown to cause skin lesions and fever in rab­
bits (34). LPS has also been suspected of inducing the Jarisch-
Herxheimer reaction in patients being treated for louse-borne re­
lapsing fever (35), leptospirosis (36), or syphilis (37). Exam­
ination of the biological activity of LPS derived from T. hyodys-
enteriae may assist in defining the pathogenesis of SD. 
Besides a vast array of vitro assays for measuring the bio­
logical activity of LPS, LPS-susceptible and LPS-resistant mouse 
strains exist which provide excellent models for studying the ef-
ects of LPS vivo (38, 39, 40). One LPS-resistant strain, 
C3H/HeJ, is particularly useful in studying effects of LPS because 
genetically similar strains, such as C3H/HeN and C3HeB/FeJ mice, 
exist which are susceptible to the effects of LPS. Their genetic 
similarity is exemplified by the fact that tissue grafts are 
accepted when transferred from one strain to the other (41) signi­
6 
fying histocompatibility between the strains. 
Although C3H/HeJ mice are resistant to endotoxin-induced 
lethality, as well as a vast array of other effects of endotoxin 
(39, 40, 42-47), they are highly susceptible to the pathogenic 
effects of Salmonella (48, 49), which have been thought to in­
volve endotoxin. In light of the susceptibility of C3H/HeJ mice 
to salmonellosis, the role of endotoxin in the pathogenesis of 
the disease has been seriously questioned (50). O'Brien et al. 
(41), in contrast, proposed that C3H/HeJ macrophages may be in­
capable of activation by LPS on the Salmonella organism resulting 
in increased susceptibility of these mice to salmonellosis. Their 
theory was primarily based on the observations that -ijn vivo act­
ivation of macrophages by Mycobacterium bovis (BCG) enhanced LPS 
responsiveness in C3H/HeJ mice (51) and that C3H/HeJ mice prein-
fected with BCG were more resistant to early replication of 
Salmonella and were also able to delay time of death longer than, 
the C3H/Hej mice-that had not received BCG (50). --
Although the cellular mechanisms involved in resistance of 
C3H/HeJ mice remain undefined, these mice and the genetically re­
lated C3HeB/FeJ strain of mice may prove useful in determining whether 
treponemal LPS is an important factor in the disease caused by T. 
hyody sent eriae. 
In 1979, Baum and Joens isolated LPS from various isolates of 
T. hyodysenteriae, and this material was shown to have serologic 
specificity (6). Four serotypes evolved from this study. Protein 
( 
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antigens derived from the phenol phase of the extraction procedure 
were not serotype-specific, but rather cross-reacted. 
Antibodies to the treponemal LPS were found in sera of pigs 
convalescent from SD (52, 53, 54), and these animals have been shown 
to be protected against T. hyodysenteriae when rechallenged with 
the same isolate (55). In a recent study, Joens et al. (56) tested 
the possibility that resistance of immune pigs to T. hyodysenteriae 
is serotype specific. Ligated colonic loops were installed in pigs 
.convalescent to specific serotypes of T. hyodysenteriae. The loops 
were inoculated with organisms of an individual serotype. Lesions 
were produced in the loops which contained treponemes of a heterolo­
gous serotype to that from which the pig had recovered. The loops 
containing organisms of the homologous serotype were protected. 
This study strongly suggested that the LPS, which is the only known 
serotype-specific antigen, may be an antigen which is important in.. 
protection of the host against T. hyodysenteriae. • Other antigens.; 
of T. hyodysenteriae may also play a role in protection of the host 
since it has been shown that pigs convalescent to one serotype of 
T. hyodysenteriae did not develop gross clinical signs of SD upon 
challenge with a heterologous serotype (57). 
Besides having a possible role as a protective antigen and/or 
a pathogenic factor instrumental in the disease process, the trep­
onemal LPS may be a protective shield for the bacterium itself. 
LPS on the surfaces of other Gram-negative bacteria appears to 
be a protective device of the organisms against certain serum com­
t 
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ponents. Gram-negative organisms are known to be resistant to the 
activity of lysozyme (reviewed in reference 58) and Repaske (59) 
showed that when several types of Gram-negative bacteria were treat­
ed with ethylenediaminetetraacetate (EDTA), the organisms became 
susceptible to lysis by lysozyme. Leive (60) found that EDTA treat­
ment of coli causes releases of almost half the LPS content from 
the cell surface. The loss of LPS from the EDTA-treated cells pro­
vided a reasonable explanation for the lytic activity of lysozyme 
on the bacteria. 
There is a positive correlation between the ability of Gram-
negative bacteria to invade host tissues causing a bacteremia and 
their resistance to serum bactericidal activity (61, 62, 63). A 
study w..ich convincingly showed that LPS is a protective barrier 
on the outer envelope of E. coli was that performed by Brunner, et 
al. (64). In this study, E. coli organisms, which were originally 
resistant to the lethal effects of actinomycin D, were.treated _ 
with EDTA and subsequently shown to be susceptible-to the lethal r. i. 
effects of the drug. Reconstitution of EDTA-released LPS onto the 
surface of the bacteria with MgClg re-established resistance of the 
bacteria to actinomycin D. 
A study employing strains of Neisseria gonorrhea indicated 
the importance of the chemical composition of the polysaccharide 
moiety of the LPS in resistance to the lethal effects of normal 
serum (65). Although LPS-containing extracts of T. hyodysenteriae 
and T. innocens have been prepared and shown to be different anti-
t 
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genically (6), there is no evidence to suggest that differences in 
the LPS moieties of the treponeraes confer the'ability to cause 
disease. Since neither T. hyodysenteriae nor T. innocens cause 
a bacteremia, one would expect that both species are susceptible to 
bactericidal effects of serum. 
The present investigation was undertaken to examine the pos­
sibility that LPS from T. hyodysenteriae plays a role in the path­
ogenesis of SD. Also, studies were performed which suggest that 
LPS may be an antigen against which the immune host responds re­
sulting in protection against the organism. Finally, attempts to 
analyze the role of inflammation in the pathogenesis of SD are 
discussed. 
I 
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PART I. BIOLOGICAL ACTIVITY OF A LIPOPOLYSACCHARIDE 
EXTRACTED FROM TREPONEMA HYODYSENTERIAE 
t 
11 
INTRODUCTION 
Endotoxins are lipopolysaccharide-containing compounds found in 
the outer envelope of gram-negative bacteria. They have been shown 
to be capable of eliciting a wide range of biological responses and 
have been implicated in the pathogeneses of a variety of diseases 
(reviewed in reference 27). With a few exceptions, endotoxins ex­
tracted from different species of bacteria have been shown to be 
similar in their chemical and biological properties.--
Morphological studies have revealed that spirochetes, includ­
ing members of the.genus Treponema, have an outer envelope resem­
bling that of Gram-negative bacteria (28, 29, 30). Several re­
ports have described products from various treponemes that are an-
tigenically or morphologically similar to typical LPS (31, 32, 33). 
However, there have been no detailed studies conducted to examiné 
the biological activity of these substances^ 
Baum and Joens described an LPS-containing product from Trep- -
ponema hyodysenteriae that was responsible for serological speci­
ficity of the organism (6). In the present study, we examined 
effects of this material on host cell activity. 
( 
12 
MATERIALS AND METHODS 
LPS was obtained from T. hyodysenteriae by the hot aqueous-
phenol method of Westphal, et al. (66) as previously described (6). 
The material has been shown to contain carbohydrate (6) and no de­
tectable protein by the method of Lowry, et al. (67). 
The presence of fatty acid in the extracted material was de­
termined spectrophotometrically as described by Haskins (68). Fur­
ther chemical analysis of the lipid portion of the LPS was obtained 
by.acid hydrolysis of the LPS and extraction with CHCl^. Gas-
liquid chromatography analysis of the organic layer was performed 
as described by Mayberry.(69). The analyses indicated the presence 
of approximately 2% lipid. The predominant fatty acids present as 
suggested by gas-liquid chromatography analysis were a hydroxylated 
C^g. fatty.acid and a nonhydroxylated-iso-branched C^^., fatty acid. -
Female CF1 mice (Charles River Breeding Laboratories, Inc., 
Wilmington, MA), weighing 18 to 20. grams each> were, used as the 
source of cells in all but the chemotaxis assays.- Naturally, far­
rowed pigs (National Animal Disease Center) served as the source of 
cells for the chemotaxis assays. 
For the cytotoxicity assay, mice were killed by cervical dis­
location, and the peritoneal cavities were lavaged with 2 ml of 
phosphate-buffered saline (PBS) containing 10 units of heparin 
per ml. The cells were collected by centrifugation at 150 X gravi­
ty for 10 minutes and suspended at a concentration of 10^ cells per 
t 
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ml in Dulbecco modified Eagle medium (DMEM) containing 10% fetal 
bovine serum (FBS). The cells were plated (0.25 ml) in plastic 
tissue culture chambers (Lab-Tek Products, Div. Miles Laboratories, 
Inc., Westmont, IL) and incubated for one hour. Nonadherent cells 
were then removed by washing the cultures four times with PBS. Var­
ious dilutions of T. hyodysenteriae LPS in DMEM-10% FBS were added 
to each chamber, and the chambers were incubated at 37®C for approx­
imately 10 hours. Controls were chambers containing DMEM-10% PBS 
without LPS. At the end of the incubation period, the cells were 
washed, and viability was determined by trypan blue dye exclusion. 
Five high-power microscopic fields (hpf; X970) were examined per 
chamber, and both live and dead cells were enumerated and totaled. 
Two replicates were performed for each LPS concentration within each 
experiment. 
For macrophage receptor-mediated phagocytosis, mice were in­
jected intraperitoneally (ip) with 75 yg of T. hyodysenteriae LPS 
in 1 ml of PBS or PBS alone. After 6 days, the mice were killed, 
and peritoneal cells were collected as described above. Cells from 
groups of five mice were pooled, washed, and suspended to 2 X 10^ 
cells per ml in DMEM-10% FBS. Two milliliters were plated in plastic 
tissue culture dishes (35 by 10 mm; Falcon Plastics, Oxnard, CA), 
and the dishes were incubated at 37*0 in 5% CO^. After 4 hours, the 
nonadherent cells were removed, and the adherent cells were washed 
4 times with PBS. Ingestion of immunoglobulin M (IgM) and comple­
ment-coated (E_ „C) or IgG-coated (E___) sheep erythrocytes was eval-
IgM igvj 
uated as previously described (70). The anti-sheep erythrocyte 
( 
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reagents were obtained from Cordis Laboratories, Inc., Miami, FL. 
Serum from CS-deficient DBA2/J mice (M. A. Associates, Walkersville, 
MD) served as the source of complement. Three replications were 
performed for each assay, and 200 cells were examined for ingestion 
in each replicate. 
For the mitogenesis assay, spleen cell suspensions from normal 
mice were prepared in RPMI 1640 medium supplemented with 2 mM L-
glutamine, 5% FBS, and 50 yg of gentamicin sulfate (Sobering Corp., 
Bloomfield, NJ) per ml. The cell density was adjusted to 5 X 10^ 
cells per ml, and 0.2 ml was added to each well of microtiter 
plates (Falcon Plastics). Various dilutions of T. "hyodysenteriae 
LPS in RPMI 1640 medium were added to each well in a volume of 0.05 
ml. Control wells received medium without LPS. Three to five wells 
were run for each dilution of the LPS. The-plates were incubated.; 
for 72 hours at 35°C in a 5% CO^ incubator and then pulsed with 1 
yCi of tritiated thymidine (specific activity,,6.7 Ci/mmol; New 
England Nuclear Corp., Boston, fiA).- After 18 Tiours of further in- -
cubation, the cultures were harvested on glass fiber filter paper • 
with a multiple semi-automatic sample harvester and dried for 12 
hours at 37°C. Incorporation of tritiated thymidine was measured 
by counting in a liquid scintillation spectrometer (Beckman Instru­
ments, Inc., Fullerton, CA). 
For the chemotaxis assay, pig peripheral leukocytes were 
employed. Twenty-five milliliters of heparinized whole blood were. 
mixed with 5 ml of a 6% dextran solution in saline and incubated at 
I 
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37*0 for 30 to 45 minutes. The buffy coat was removed, washed with 
Hanks balanced salt solution with Ca** and (M. A. Associ­
ates), and suspended in 2 ml of Hanks balanced salt solution. Con­
taminating erythrocytes were removed by hypotonic lysis, and the 
remaining leukocytes were washed twice with Hanks balanced salt 
solution. These cells were suspended at 12.5 X 10^ cells per ml 
in DMEM plus 0.5% bovine serum albumin. 
One milliliter of fresh normal porcine serum was treated with -
either 100 yg of E. coli LPS (serotype 026:B6, phenol extract; 
Sigma Chemical Co., St. Louis, MO) or 120 to 150 yg of T. hyodys-
enteriae LPS for 1 hour at 37®C, followed by incubation for 45 min­
utes at 56°C. The serum was then diluted to 1:2 with DMEM and 
used as the source of chemotaxin. 
Chemotaxis was assayed essentially as described by Snyderman-
et al. (71), using neuroprobe blind-well Lucite chemotaxis cham— 
bers (Bio-Had Laboratories, Richmond,. CA) with 5-pm polycarbonate 
membrane filters (Bio-Rad Laboratories). Each chamber contained. 
0.2 ml of the diluted serum or control material and 2.5 X 10^ 
cells in 0.2 ml. The chambers were incubated at 37®C in a 5% CO^ 
incubator for 2.5 hours. At the end of this time, the filters 
were removed, inverted on glass slides, air-dried, and stained 
with Wright's stain. Filters were scored by counting the number 
of cells that had completely migrated through the filter in 10 
hpf. Random migration against DMEM was determined. Two or three , 
16 
replicates were performed for each treatment per experiment, and 
the results were expressed as mean total cells per 10 hpf +1 stand­
ard deviation. 
17 
RESULTS 
T. hyodysenteriae LPS was toxic to peritoneal macrophages at • 
doses of 15 yg/ml and above. There was an average of 115 ± 47, 77 ± 
26, 23 ±1, and 3+1 viable cells per field in the presence of 0, 
1.5, 15, and 150 yg of LPS per ml, respectively, using data from ex­
perimentation with three animals to obtain means. Cells from the 
three mice differed significantly in their responses to the various 
concentrations of LPS (p < 0.05). However, the differences between 
the effects of LPS concentrations were much greater. Treatment of 
cells with the LPS caused detachment of many of the macrophages from 
the dishes. Recoverable detached cells took up trypan blue. 
The ability of macrophages from normal and LPS-treated mice 
to phagocytize opsonized sheep erythrocytes is shown in Table 1.1. 
Little-difference was noted in the percentage of macrophages phago-^ 
cytizing erythrocytes by the IgG-Fc receptor between LPS-treated 
and untreated animals; however,-the number of erythrocytes in- . 
ternalized per 100 macrophages was-increased significantly (p < 0.05) 
after LPS treatment of the animals. A significant enhancement of C3 
receptor-mediated uptake of erythrocytes was observed in macro­
phages from animals injected with T. hyodysenteriae LPS on incor­
poration of tritiated thymidine by murine splenocytas vitro is 
shown in Figure 1.1. A dose-dependent stimulation of proliferation 
was seen with maximal uptake of the radiolabel at 10 y g of LPS per 
I 
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ml; at greater concentration, the LPS depressed mitogenesis. 
The chemotactic activity of normal serum treated with T. hyo-
dysenteriae LPS is shown in Table 1.2. Treponema LPS was observed 
to be equivalent to B. coli endotoxin in its ability to generate 
a chemotactic factor for leukocyte migration. The LPS in the 
absence of serum did not mediate leukocyte migration significant­
ly different from that occurring in medium alone (data not shown). 
Preheating serum at 56°C for 30 minutes before treatment with LPS 
resulted in no generation of chemotactic activity, as depicted by 
the fact that cell migration in response to LPS-treated HI serum was 
not statistically different from the response to untreated HI serum 
(p < 0.05; Table 1.3). 
19 
Table 1.1. Effects of T. hyodysenteriae LPS on IgG-Fc and C3 
receptor-mediated phagocytosis of sheep erythrocytes 
by mouse macrophages 
Treatment Receptor % ± SD No. ± SD of 
of animals phagocytosis erythrocytes 
positive internalized 
per 100 cells 
None, IgG-Fc 85 ± 8 276 ± 32 
LPS IgG-Fc 91 + 8 528 ± 51 
None C3 5 ± 1 6 ± 2 
LPS C3 30 ± 7 48 ± 13 
^Numbers represent the mean percent phagocytosis-positive 
cell ±1 standard deviation for triplicate determinations. A 
minimum of ICQ cells were examined per determination. . 
Figure 1.1. Mitogenic activity of T. hyodysenteriae LPS on mouse 
splenocytes. Values represent mean counts per minute 
± 1 standard deviation, using three aniraaltS/ with two 
to four replicates per animal. 
( 
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Table 1.2. Chemotactic response of porcine peripheral blood leukocytes 
to T. hyodysenteriae LPS 
Chemotactic activity^ in response to: 
b. T. hyodysenteriae^ E. coli endotoxin- Untreated 
ig LPS-treated serum • treated serum serum 
1(2) 750 ± 165 782 ± 6 340 ± 27 313 ± 107 
2(3) 1,519 ± 240 1,518 ± 158 785 ± 144 291 ± 29 
3(2) 1,741 ± 107 740 ± 53 187 ± 80 
4(4) 1,239 ± 122 616 + 180 . 155 ± 55 
lumbers represent mean + 1 standard deviation of the total number of 
cells per 10 fields (X970). 
^n, Number of replicates. 
Q ' 
A 1.0-ml amount of porcine serum was treated with 120 to 250 yg of 
T. hyodysenteriae LPS or 100 y g of E. coli endotoxin for 2 hours at 37"C, 
followed by 45 minutes at 56°C. The serum was diluted to 1:2 with 
DMEM arid tested for chemotactic activity. 
^Serum was treated as described above in the absence of LPS and 
endotoxins 
I 
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Table 1.3. Chemotactic response of porcine peripheral blood 
leukocytes to heat-inactivated serum 
Chemoattractant Mean cell 
counts ± SD 
b 
T. hyodysenteriae LPS-treated serum 1,115 ± 178 
E. coli endotoxin-treated serum 970 ± 18 
Untreated serum 317 ± 109 
Medium 308 ± 95 
T. hyodysenteriae LPS-treated HI serum° 191 ± . 98 
E. coli endotoxin-treated HI serum 312 ± 55 
Untreated HI serum 305 ± 5 
^Numbers represent mean ± 1 standard deviation of the 
total number of cells per 10 fields (X970), using two repli­
cates to determine the statistics. 
^Serum was treated with or without endotoxin or LPS, and 
chemotaxis was assayed as described in Table 1.2, footnote c. 
^Serum was heated at 56°C for 30 minutes and then treated 
with or without-endotoxin or LPS, and chemotaxis was assayed 
as previously described. 
( 
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DISCUSSION 
In this study, we have examined various effects of LPS from 
T. hyodysenteriae on cellular host responses dm vitro. Two aspects of 
the interaction of the LPS and macrophages were studied. LPS from T. 
hyodysenteriae exhibited toxic effects on mouse peritoneal macrophages 
at dosages similar to that previously reported for enterobacterial LPS 
(72), indicating a similarity between T. hyodysenteriae LPS and other 
enterobacterial LPS. In addition, inoculation of T. hyodysenteriae 
LPS intraperitoneally into mice resulted in the appearance of macro- -
phages capable of enhanced IgG-Fc and C3 receptor-mediated phago- -
cytosis. Since macrophages are considered to be an important target 
cell in mediating many of the biological effects attributable to -
endotoxins (73), these results are consistent with the hypothesis 
that LPS from-T. hyodysenteriae is a potential determinant in... 
pathological responses. -
T. hyodysenteriae LPS was found to be as active as E. coli "• -
endotoxin in generating a chemotactic factor(s) for leukocytes from 
serum. If the serum was preheated before adding LPS, no chemotactic 
activity was observed. These results suggest that T. hyodysenteriae 
LPS may be capable of interacting with the complement system. 
Although the activation of complement by natural antibody against T. 
hyodysenteriae in the serum cannot be discounted, it appears unlikely, 
since sera from pigs of the same breeding and environmental back­
ground did not have positive antibody titers against the treponemal 
t 
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LPS when tested in the enzyme-linked immunosorbent assay (54). 
Finally, T. hyodysenteriae LPS was shown to be weakly 'nitogenic for 
spleen cells. 
Although LPS-like materials have been previously demonstrated 
in various spirochetes (31, 32, 33), the endotoxic potential of these 
materials has been unclear." It-has-been suggested that-the Jarisch-
Herxheimer reaction is a clinical syndrome resulting from the libera­
tion of spirochetal endotoxin in patients being treated for louse-borne 
relapsing fever (35)', leptospirosis (36), or syphilis (37). The -
only direct evidence for a spirochetal endotoxin is the finding of 
Mergenhagen,- et al. (34) that a phenol-water extract of Borrelia -
buccalis produced skin reactions and fever when injected into 
rabbits. In contrast, Heyman, et al. (74) and Finco and Low (75) 
were unable to show endotoxic activity of preparations derived from 
Treponema pallidum or Leptospira interrogans, respectively. 
In" the present study,, we have shown that a treponemal LPS can 
interact with both, cellular and humoral., mediation -systems, suggesting : 
that this material "has potent endotoxic potential.- . Although, this v. 
study is limited to a single species of spirochete, the observation . 
of similar clinical manifestations thought to be due to endotoxin 
infections by other spirochetes (35, 36, 37) suggests that these 
findings may be generalized. Further study of the biological 
activities of LPS derived from spirochetes may contribute to the 
understanding of the pathogenesis of the diseases attributed to these 
organisms. 
t 
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SUMMARY 
A lipopolysaccharide was obtained from pathogenic Treponema 
hyodysenteriae by hot phenol-water extraction. Various effects of 
the LPS on host cells were examined vitro. Toxicity for mouse 
peritoneal macrophages was observed after 10 hours of incubation 
at concentrations as low as 15 yg of the LPS per ml. Marked enhance­
ment of both C3 and IgG-Fc receptor-mediated internalization was 
noted in macrophages obtained from mice injected 6 days previously 
with 75 yg of the material. Incorporation of tritiated thymidine 
into murine splenocytes was elevated approximately fourfold when 
splenocytes were treated with 5 to 10 yg of LPS per ml. Incubation 
of the LPS with normal porcine serum resulted in the generation of 
a factor(s) that stimulated the migration of porcine^leukocytes^^^-
Generation-of the:chemotactic activity was inhibited ty heating the. 
serum, at 56°C for 30 minutes before treatment with LPS. .The^results/-• 
suggest that T. hyodysenteriae contains an LPS that is biologically 
active. 
( 
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PART II. RESISTANCE OF C3H/HEJ MICE TO THE PATHOGENIC 
EFFECTS OF TREPONEMA HYODYSENTERIAE 
t 
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INTRODUCTION 
Treponema hyodysenteriae has been shown to cause lesions in the 
large intestines of CFl mice (5). The characteristic lesions ob­
served are catarrhal inflammation, edema, hyperemia, and occasion­
al hemorrhage. Similar lesions are induced by T. hyodysenteriae 
in other inbred strains of mice, such as DBA/2J and C3H/StWi 
(personal observations). 
We have previously shown the LPS extracted from T. hyodysenteriae 
to be biologically active (76), i.e., it acts as a mitogen for spleno-
cytes, generates a chemotaxin in fresh serum, causes an increase in 
uptake of red blood cells by phagocytes via Fc and C3 receptors, and 
is cytotoxic to mouse peritoneal cells. There have been, however, no 
definitive reports examining the pathogenic mechanisms involved in 
lesion production by T. hyodysenteriae. 
C3H/HeJ mice have been shown to be highly resistant to the lethal 
effects of bacterial LPS (39, 40). Although C3H/HeJ mice have gener­
ally been considered LPS nonresponders, Verghese and Snyderman (77) 
have recently shown that macrophages from C3H/HeJ mice respond chemo-
tactically to LPS, whereas macrophages from LPS-susceptible mice 
do not. The resistance of C3H/HeJ mice to LPS and the existance 
of genetically similar strains that are LPS susceptible, such as 
C3HeB/FeJ mice, provides a useful model in the genetic control of 
host responses to LPS activity. 
In order to investigate further the possibility that LPS is 
a factor in the pathogenicity of T. hyodysenteriae, we examined 
I 
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C3H/HeJ and C3HeB/FeJ mice for lesion production caused by the 
treponeme. The lethal effect of the treponemal LPS was determined 
in both strains of mice and the ability of the LPS to chemotactically 
attract peritoneal macrophages from C3H/HeJ and C3HeB/FeJ mice was 
assessed. 
I 
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MATERIALS AND METHODS 
C3H/HeJ and C3HeB/FeJ female mice weighing 18 to 20 grams were 
purchased from Jackson Laboratory (Bar Harbor, Maine). 
T. hyodysenteriae cells used for inocula and for extraction pur­
poses were grown as described by Kinyon and Harris (68). 
T. hyodysenteriae LPS was obtained by the hot aqueous phenol 
method of Westphal, et al. (66) as described previously (6). The 
material contained no protein detectable by the method of Lowry, 
et al. (67) and was shown to consist of lipid and carbohydrate (76). 
g 
Mice were inoculated ip with approximately 2x10 viable T. 
hyodysenteriae organisms in a volume of 2 ml. Another group of 
these mice were inoculated ic with approximately 5 x 10^ viable T. 
hyodysenteriae in a volume of 0.1 ml. Control mice were inoculated 
ip or ic with sterile medium in volumes of 2 ml or 0.1 ml, respect­
ively. Mice were observed for mortality daily for 10 days following 
injection of the material. - -
Mice were inoculated intragastrically with 1 ml broth culture 
of T. hyodysenteriae for 2 consecutive days after 24 hours of fasting. 
The inocula for each day contained approximately 1 x 10® viable cells. 
Fecal samples were collected before inoculation, 2 days after inocu­
lation, and at +he time of necropsy of the mice. These were cultured 
on trypticase soy agar which contained 5% citrated bovine blood and 
400 pg of spectinomycin per ml as described by Songer, et al. (78). 
The plates were incubated 3 days in an atmosphere of 50% and 50% 
COg at 42°C. Mice were killed 10 days after the second inoculation 
t 
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and the large intestines were observed for gross lesions. 
Sections of the ceca of both infected and uninoculated control 
mice were fixed in 10% buffered formalin, embedded in paraffin, sec­
tioned and stained with hematoxylin and eosin or Warthin-Starry 
stains. The ceca were examined microscopically for the presence of 
lesions and for the presence of T. hyodysenteriae. 
One mg of the LPS given ip was tested for its ability to kill 
mice in the presence or absence of 14 jjg of actinomycin D (Sigma 
Chemical Co.). Control mice were given 14 yg of actinomycin D 
alone. Mice were observed for mortality daily for 10 days follow­
ing injection of the material. 
For the chemotaxis assay, mice were injected with 1 ml of thio-
glycolate broth ip. Four days later the animals were killed and the 
peritoneal cavities were lavaged with 3 ml of PBS containing 10 U/ml 
of heparin. The cells were collected by centrifugation at 150 x g 
for 10 minutes and resuspended to a concentration of 2 x 10® cells/ml 
in RPMI 1640 containing 2 mM L-glutamine and 50 yg/ml of gentamycin 
sulfate. The cell preparation contained approximately 80% macro­
phages as indicated by differential cell counts using Wright's stain. 
Chemotaxis was assayed essentially as described by Snyderman, 
et al. (71). Two milliliters of medium containing 50 yg of T. 
hyodysenteriae LPS or 0.2 ml medium alone were pipetted into neuro­
probe blind-well chemotaxis chambers over which was laid 5 ym poly­
carbonate membrane filters. Two milliliters of the cell suspension 
were pipetted onto the filters and the chambers were then incubated 
( 
at 37®C in an atmosphere of 5% CO^ for 4 hours. At the end of this 
time, the filters were removed, inverted on glass slides, air dried, 
and stained with Wright's stain. Chemotaxis was scored by count­
ing the number of cells that had completely migrated through the 
filter in 10 hpf. Random migration against RPMI 1640 was deter­
mined. Two replicates for each treatment per experiment and 3 repli­
cate experiments were performed. The results were expressed as 
mean total cells per 10 hpf ± one standard deviation. 
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RESULTS 
Treponema hyodysenteriae had no visible effect on C3H/HeJ or 
C3HeB/FeJ mice when the organism was administered ip (n = 7 for each 
strain) or ic (n = 4 for each strain). Control animals also appeared 
unaffected by ip (n = 5 for each group) or ic (n = 3 for each strain) 
inoculation of medium. 
T. hyodysenteriae was shown to establish in the Intestines in 
both C3H/HeJ and C3HeB/FeJ mice when administered orally. Cultured 
fecal samples taken before inoculation of T. hyodysenteriae from all 
mice employed in the experiment were negative for the presence of the 
spirochete. Two days after inoculation, all animals were shedding 
T. hyodysenteriae in their feces. At necropsy, fecal cultures from 
19 to 21 C3HeB/PeJ and 10 of 15 C3H/HeJ mice were positive for T. 
hyodysenteriae, indicating that the spirochete readily becomes estab­
lished in the intestinal tract of both mouse strains (Table 2.1). 
Although-a quantitative study was not performed, there were greater. 
numbers of Tliyodysenteriae cultured on blood agar from the diseased 
C3HeB/FeJ than from C3H/HeJ mice. Furthermore, when T. hyodysenteriae 
was cultured from C3HeB/FeJ mice at necropsy, gross lesions were 
always observed (Table 2.1). The presence of T. hyodysenteriae was 
never associated with detection of gross lesions in C3H/HeJ mice. 
Typical lesions in affected mice consisted of an acute diffuse 
catarrhal cecitis with edematous thickening and reddening of the 
intestinal wall. A less severe colitis was observed in many of the 
affected animals. 
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Microscopic lesions were detected primarily in C3HeB/FeJ mice and 
included hyperemia and mucosal edema (Pig. 2.1). Crypt dilation 
was present in the lamina propria of these mice as a result of the 
accumulation of mucus. Necrosis of cecal mucosal epithelium was 
observed, with intact epithelial cells separating from the edematous 
lamina propria. Microscopic lesions, consisting o f dilated c r ypts-
and deep crypt necrosis, were observed in two C3H/HeJ mice. A point 
of interest was the observation of a significant infiltration of 
histiocytes into the lamina propria of all inoculated mice, in­
cluding C3H/HeJ mice in which no lesions were found. 
Numerous spirochetes resembling T. hyodysenteriae were observed 
at the luminal surface and deep in mucosal crypts of the ceca of 
C3H/HeJ and C3HeB/FeJ mice inoculated with T. hyodysenteriae. 
Other than the 2 C3H/HeJ mice mentioned above,--the presence of- -1 
all microscopic lesions correlated completely with the presence of 
gross lesions. T. hyodysenteriae was not recovered at" necropsy from, . 
the 2 C3HeB/FeJ mice that had neither grossly^or microscopically 
detectable lesions. No lesions, except for minor crypt dilatation in 
one C3HeB/PeJ mouse, were observed in the controls which had receiv­
ed no T. hyodysenteriae. 
All of nine C3H/HeJ mice were resistant to the lethal effects 
of 1 mg of T. hyodysenteriae LPS in the presence of 14 y g of actino-
mycin D; whereas 8 of 9 C3HeB/FeJ mice were sensitive to its effects 
(Table 2.2). Neither 1 mg of LPS or 14 yg actinomycin D alone 
killed mice of either strain. 
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As shown in Table 2.3, macrophages from C3H/HeJ mice responded 
chemotactically to T. hyodysenteriae LPS with a mean count of 86.7 ± 
12.7 cells per 10 hpf as compared to 18.7 ± 7.8 cells per 10 hpf 
determined from the controls containing no LPS, and this difference 
was statistically significant (p < 0.05). Macrophages from C3HeB/FeJ 
mice, on the other hand, were not chemotactically attracted to the 
LPS as depicted by a mean count of 14.3 ± 5.9 cells per 10 hpf. 
Random migration of C3HeB/FeJ determined in the absence of LPS was 
36.3 + 15.9 cells per 10 hpf. The difference between the response of 
C3HeB/FeJ macrophages to LPS and to medium was not significant at 
a probability level of 0.05. 
Neutrophil contamination was approximately 15% of the recovered 
peritoneal cells, but these cells did not respond chemotactically to 
the LPS based on morphological examination of the cells that had 
migrated. The inability of LPS to chemotactically attract mouse 
neutrophils has been previously reported (77). 
( 
36 
Table 2.1. Pathogenicity of Treponema hyodysenteriae in C3H/HeJ and 
C3HeB/FeJ mice 
Fecal 
Mouse Strain Culture Gross Lesions Microscopic Lesions 
C3HeB/FeJ 19/21^ 19/21 19/21 
C3H/HeJ 10/15 0/15 2/15 
^Data expressed represent results from culturing fecal samples at 
the time of necropsy. 
Data are expressed as the number of mice positive/the total number 
sampled. 
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Figure 2.1. Light micrographs of cecal tissue from C3HeB/PeJ 
(upper) and C3H/HeJ (lower) mice. T. hyodysenteriae 
had established in the large intestines of these mice. 
Final magnification 25X. 
( 
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Table 2.2. Lethality of Treponema hyodysenterlae LPS for C3H/HeJ and 
C3HeB/FeJ mice 
Treatment^ 
Mouse Strain LPS + Actinomycin LPS Actinomycin 
C3HeB/FeJ 8/9^ 0/2 0/9 
C3H/HeJ 0/9 0/2 0/9 
^Material was given intraperitoneal^^. 
^Data are expressed as the number of mice that died/the total 
number sampled. 
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Table 2.3. The chemotactic response of C3H/HeJ and C3HeB/FeJ mouse 
peritoneal macrophages to Treponema hyodysenteriae LPS 
Source of Cells Chemoattractant Mean cell counts/10 hpf + 1 SD^ 
C3HeB/PeJ Medium 36.3 ± 15.9 
C3HeB/FeJ 50 yg LPS 14.3 ± 5.9 
C3H/HeJ Medium 18.7 ± 7.8 
C3H/HeJ 50 yg LPS 86.7 ± 12.7 
lumbers listed represent means ±1 standard deviation of the 
total number of cells per 10 hpf. Three replicate experiments were 
performed to obtain the data. 
I 
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DISCUSSION 
In the present study, T. hyodysenteriae was shown to cause 
lesions in the large intestines of C3HeB/FeJ mice, but did not cause 
intestinal lesions in C3H/HeJ mice, even though the organism was 
able to colonize the gut in 10 out of 15 C3H/HeJ mice. Previous 
work has shown that T. hyodysenteriae organisms are found in the 
colonic or cecal crypts only in animals which have lesions due to 
infection with the treponeme (5, 79). Contrary to results obtained 
previously, the present study has demonstrated that T. hyodysenteriae 
can establish itself in the crypts of mice without producing detect­
able lesions. Since C3H/HeJ mice are known to be resistant to the 
lethal effects of LPS (39, 40), whereas C3HeB/PeJ mice are suscep­
tible to these effects, we hypothesized that treponemal LPS may be 
involved in the pathogenesis of the disease caused by T. hyodysen­
teriae. Lethality was observed when LPS was administered in the 
presence of actinomycin D, a cyclic pentapeptide which greatly 
enhances the lethal effects of LPS (80) to C3HeB/FeJ but not C3H/HeJ 
mice substantiating this hypothesis. That T. hyodysenteriae did not 
induce lethality or any apparent disease in C3H/HeJ or C3HeB/FeJ mice 
when inoculated ip or ic suggested that expression of treponemal patho­
genicity is effective only in the large intestine. A major pathogenic 
effect of T. hyodysenteriae in the gut may involve LPS, yet it is not 
surprising that the organism was unable to kill mice due to LPS when 
inoculated ip or ic since a high dose of extracted treponemal LPS 
was not lethal to mice in the absence of actinomycin D. 
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The consistent presence of histiocytes in the lamina propria, 
yet absence of other lesions in the C3H/HeJ mice that had been inoc­
ulated with T. hyodysenteriae may indicate that macrophages are 
capable of inhibiting the disease process that was observed in the 
C3HeB/FeJ mice. Recently, Verghese and Synderman (77) reported that 
macrophages from C3H/HeJ mice respond chemokinetically to LPS, whereas 
cells from susceptible mice are unresponsive. Our results, which 
are in agreement with their work, showed that C3H/HeJ macrophages 
are capable of responding chemotactically (or perhaps chemokinetic­
ally) to treponemal LPS, but C3HeB/FeJ macrophages are unresponsive. 
The histiocytes in the lamina propria may have been attracted to 
that site via LPS (no neutrophil infiltration was noted in the 
lamina propria of C3H/HeJ mouse tissues) but their presence was not 
a unique feature of C3H/HeJ tissues. Histiocytes were also observed 
in all of the C3HeB/FeJ tissues. It is possible that the macrophages 
from the C3H/HeJ mice more efficiently prevent deleterious effects 
of T. hyodysenteriae than do the macrophages from C3HeB/FeJ mice by 
preventing LPS destruction of the tissue. 
In the present study, pathogenicity of T. hyodysenteriae was 
positively correlated with LPS-susceptibility in mice. Susceptibility 
to salmonellosis, on the other hand, is clearly not correlated to 
LPS-susceptibility in a positive manner (48, 49) since Salmonella 
typhimurium readily multiplies and kills C3H/HeJ mice relative to 
C3H/HeN mice (81). O'Brien, et al. (41) proposed that C3H/HeJ 
macrophages may be incapable of activation by LPS on the Salmonella 
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organism, resulting in increased susceptibility of these mice to 
salmonellosis. If C3H/HeJ mice are deficient in their response to 
LPS due to a defect in macrophage function, it is possible that a 
lack of this response(s) to treponemal LPS in the C3H/HeJ mouse 
intestinal tract actually prevents lesion production. In other words, 
a host response(s) to treponemal LPS in the gut may be the direct 
cause of lesion formation. The possible chemotactic attraction 
of histiocytes into the lamina propria of the C3H/HeJ mouse gut by 
LPS does not necessarily indicate an effective defensive role for 
the cells. 
In conclusion, our data suggest the involvement of LPS in the 
pathogenicity of T. hyodysenteriae. This may involve direct induction 
of lesion formation or indirect induction by activating certain host 
defense mechanisms which are harmful to the host. 
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SUMMARY 
Treponema hyodysenterlae, the etiologic agent of swine dysentery, 
caused gross and microscopic lesions in the large intestines of 
C3HeB/FeJ mice. No gross lesions were observed in the intestines of 
the closely related but lipopolysaccharide resistant C3H/HeJ strain 
of mice, and microscopic lesions were mild, if present at all. In 
the presence of actinomycin D, 1 mg of T. hyodysenteriae LPS was 
lethal for C3HeB/FeJ, but not for C3H/HeJ mice. Also, the treponemal 
LPS was chemotactic for macrophages from C3H/HeJ mice but not for 
macrophages from C3HeB/FeJ mice. The difference between the two 
mouse strains in lesion development may be due to the nondestructive 
nature of LPS in C3H/HeJ mice, suggesting that the treponemal LPS is 
involved in the pathogenicity of T. hyodysenteriae » Treponema 
hyodysenteriae may prove to be a useful bacterium in the study of 
LPS-resistant C3H/HeJ mice since resistance to the treponemal LPS and 
to the treponeme itself appear to correlate. 
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PART III. SEROTYPE SPECIFIC OPSONIZATION OF 
TREPONEMA HYODYSENTERIAE 
46 
INTRODUCTION 
Treponema hyodysenterlae causes a mucohemorrhagic diarrheal 
disease in pigs known as swine dysentery (1, 2). Four serotypes of 
T. hyodysenteriae have been identified based on antigenic character­
istics of LPS extracted from the organisms (6). Data obtained using 
enzyme-linked immunosorbent assay indicate that serum from pigs 
previously infected with individual serotypes of T. hyodysenteriae 
contains antibody that is specific for LPS of the corresponding 
serotype (54). Other antigens tested, using precipitin reactions in 
agarose gel, do not appear to be serotype-specific, but rather cross-
react among the 4 serotypes (82)'." 
Pigs that have recovered from infection with T. hyodysenteriae 
are resistant to challenge exposure with the treponeme of the same 
serotype for at least.-r1-7 weeks after initial: exposure^ (55). However, 
it is not known whether.anti-LPS antibody is involved in a protective 
mechanism of'the host against the treponeme." 
An important function of antibody is its role as an opsonin. • -
Although attachment of bacteria to phagocytes may occur in the ab- -
sence of serum opsonins (83, 84), the presence of antibody with or 
without the involvement of complement greatly enhances the reaction. 
The attachment of particulate materials to phagocytes is thought 
to be a step leading to their ingestion and digestion (85, 86). 
In this study, antisera from pigs that had recovered from in­
fection with individual serotypes of T. hydoysenteriae were tested 
for their ability to opsonize treponemes of all four serotypes. 
I 
47 
Also, LPS extracted from 3 serotypes of T. hyodysenteriae were test­
ed for their ability to block opsonization of a specific serotype of 
the treponeme. 
I 
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MATERIALS AND METHODS 
Treponema hyodysenteriae representing each of serotypes 1, 2, 3 
and 4 were grown at 38®C in TSB containing 5% PBS under an atmosphere 
of 50% COg and 50% as previously described (90). 
Antisera were obtained from naturally farrowed pigs (National 
Animal Disease Center), which had recovered from infection with a 
specific serotype of T. hyodysenteriae (54, 56). Antisera against 
specific serotypes were pooled. 
For each experiment, peritoneal cells were collected from 3 
female CPl mice weighing 18-20 grams.- Three ml of PBS, pH 7.2 con- -
taining 10 units per ml of heparin were injected ip, the abdomen was 
lightly massaged, and the material was withdrawn from the cavity by 
means of a syringe. The cells were pooled, sedimented at 150 x g. 
for 10 minutes, and resuspended in DMEM containing 5% PBS. One x 
10® cells-in-a volume of-1.5 ml were plated in 35 x 10 mm. tissue : : 
culture dishes.and incubated at 37°C for 1 hour in 5% COg. Non- -
adherent cells were removed by washing the culture 6 times with PBS.. 
T. hyodysenteriae LPS of each of the four serotypes was obtained 
by the hot aqueous-phenol method of Westphal, et al. (56) as previous­
ly described (6). 
Sera (0.3% in 0.7 ml DMEM) from a normal pig and from a pig 
that had recovered from infection with serotype 2 T. hyodysenteriae 
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were incubated with treponemes of serotype 2(1x10 organisms in a 
volume of 0.6 ml) for 45 minutes at 37®C. The treponemes were pel-
letted by centrifugation (10,000 x g), washed two times in PBS, and 
resuspended in 0.5 ml PBS. Smears of the bacteria were made on glass 
slides and were allowed to dry. An indirect antibody test (FAT) was 
performed using rabbit antisera to swine IgG, IgA, and IgM (Miles 
Laboratories, Elkhart, Indiana) conjugated with fluorescein isothio-
cyanate (4; FITC). These were added to the smears at a.1 ;50 dilution-
and incubated for 30 minutes at 20''C. The smears were washed with 
PBS, mounted with coverslips, and examined for the presence of 
fluorescent antibody. A second indirect FAT was performed by treat­
ing smears with rabbit antisera to swine IgG, IgA, and IgM at a 
dilution of 1:100 for 30 minutes at 20*0. The smears were then 
washed with PBS and treated with FITC-conjugated goat anti-rabbit 
IgG (Miles Laboratories) at a dilution of 1:200 for 30 minutes at 
20*C. The smears were washed and examined for the presence of 
fluorescent antibody. 
DMEM containing 0.3% normal, anti-serotype 1, anti-serotype.2, 
anti-serotype 3) or anti-serotype 4 pig serum was added to cell cultures 
in a volume of 0.7 ml. DMEM containing no pig serum was added to 
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cell cultures as a control. Approximately 1 x 10 T. hyodysenteriae 
organisms, as determined using a Petroff-Hauser counter, of serotype 
1, 2, 3, or 4 in TSB containing 5% FBS were added to each dish in a 
volume of 0.6 ml. After 45 minutes incubation at 37®C, the cultures, 
were washed 7 times to remove unattached treponemes from the dish. 
The dishes were rinsed with several drops of fetal bovine serum, air-
dried, and stained with Wright's stain. 
One-hundred peritoneal cells "from each dish were observed micro­
scopically and the treponemes attached to each cell were counted for 
determination of an attachment index. The cells were scored as fol­
lows; no treponemes attached to the cell was assigned a value of 0, 
1-15 treponemes attached to the cell was assigned a value of 3, and 
more than 30 trepomenes attached to the cell was assigned a value of 
5. The assigned values were selected since medium attachment (>30 
treponemes) was approximately 3 times greater than light attachment 
(1-15 trepomenes). The attachment index was determined by adding 
the values obtained from observation of 100 peritoneal cells, r 
DMEM containing 0.3% anti-serotype 2 pig serum.plus 400 yg.of- ._ 
serotype 2, 3, or 4 LPS was added to cell cultures in a volume of 
0.7 ml. Cultures with DMEM containing 0.3% anti-serotype 2 pig serum 
but no LPS served as a positive control. Cultures with DMEM con­
taining- no-pig serum and no LPS served-as two negative .controls. ^ 
9 
Approximately--1 x 10 T. hyodysenteriae organisms of serotype .2 in- < 
TSB were.added to all cell cultures.in.a-volume .of-Oi6 ml. After 45: 
minutes of incubation at 37*0, the cultures were washed and stained 
as described above. An attachment index was also determined as 
described above. Mouse peritoneal cells and T. hyodysenteriae organ­
isms had greater than 90% viability after the 45 minute incubation 
period as determined by trypan blue dye exclusion and blood agar 
plate counts, respectively. 
An analysis of variance for a two way classification was perform­
ed followed by Tukey's method of multiple comparisons (87). A ratio 
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between all determined attachment indices and the negative control con­
taining no pig sera and no LPS, was taken in order to eliminate 
differences between individual experiments. This ratio is termed the 
ratio of attachment (RAT). 
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RESULTS 
All four serotypes of T. hyodysenteriae were capable of attach­
ing to mouse peritoneal cells in the absence of serum opsonins 
(Fig. 3.1). Most cells had 0 to 10 treponemes attached in the ab­
sence of opsonins and the addition of normal pig serum did not signi­
ficantly increase the attachment index. When pig antiserum against 
any noncorrespending serotype of T. hyodysenteriae was added to the 
cultures; the attachment index increased up to 2 times that observed -
in the control containing no antiserum. However, the increase was v 
not statistically significant in. any case.—-In the presence of anti-r 
serum corresponding to the serotype of T. hyodysenteriae used in the 
assay, the attachment index was increased up to 4.5 times that of the 
control containing no antiserum (Pig. 3.1, 3.2), indicating the 
presence of serum opsonins that were treponemal serotype-specific. 
In all cases where antisera and serotype of treponemes corresponded, 
the RAT was significantly greater than any other combination tested . 
(p < 0.05). 
Fluoresent" antibody tests indicated the binding of IgG, bût 
not IgM or IgA, to treponemes in the presence of serotype-specific 
antisera. No binding of Ig to treponemes was observed in the presence 
of normal pig sera. 
Since the previous data indirectly suggested that the LPS may 
be a major antigen against which antibody is produced, we tested the 
four serotypic lipopolysaccharides for their ability to block com­
petitively opsonization of serotype 2 treponemes. Table 3.1 shows 
4 
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that only LPS extracted from serotype 2 T. hyodysenteriae was capable 
of inhibiting the attachment in the presence of anti-serotype 2 anti­
serum (p < 0.05). Statistical analysis of these data indicated that 
there was no difference between the RAT of the negative control, 
which contained no pig serum or LPS, and the RAT of the cultures 
containing serotype 2 LPS plus antiserum. Furthermore, there were 
no significant differences among the RATs of the cultures containing 
no LPS, serotype 3 LPS, and serotype 4 LPS, all of which contained 
anti-serotype 2 antiserum. The attachment indices from cultures 
that contained serotype 2 LPS but no pig antiserum were significantly 
different from the control which contained no pig antiserum and no 
LPS (p < 0.05). 
Figure 3.1. Light micrographs of T. hyodysenteriae organisms 
adherent to murine peritoneal macrophages in the 
presence of no antiserum (upper) and serotype-
specific antiserum (lower). Final magnification 
970X. 
( 
55 
56 
Table 3.1. Effect of serotype-specific treponemal LPS on the attachment 
of serotype 2 T. hyodysenterlae to mouse peritoneal cells 
Serotype origin Presence^ of ^ 
of LPS antiserum Mean RAT 1 SD 
No LPS + 3.4 ± 0.4 
2 + 1.6 ± 0.4 
3 + 3.3 ± 0.3 
4 + 3.2 ± 0.4 
2 -  1.1 ± 0 .2  
^The presence or absence of antiserum against treponemes of 
serotype 2 is indicated. 
^Values represent t 
deviation using data from 3 replicate experiments 
b he mean ratio of attachment ± 1 standard 
t 
Figure 3.2. Serotype-specificity in the opsonization of T. 
hyodysenteriae. Bars represent the mean ratio of 
attachment 1 standard deviation using data from 3 
replicate experiments. 
"a" Signifies the presence of anti-serotype 1 pig 
sera in the culture medium. 
"b" Anti-serotype 2. 
"c" Anti-serotype 3. 
"d" Anti-serotype 4. 
"e" Normal pig sera. 
t 
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SEROTYPE OF T. hyodysenteria 
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DISCUSSION 
In the present study, antisera from pigs that had recovered from 
infection with individual serotypes of T. hyodysenteriae were shown to 
opsonize only treponemes of the corresponding serotype. This indicated 
that serum antibody against T. hyodysenteriae from the recovered animal 
is serotype-specific. Serotype-specific opsonization was further sub­
stantiated by the ability of LPS to block opsonization only when the 
serotype of LPS and the antiserum employed in the assay corresponded. 
As in the case with other bacterial pathogens of the alimentary 
tract (88), attachment of the treponeme to mucosal cells is possibly 
an important factor in the pathogenic effects of T. hyodysenteriae. 
Results from the present study indicate that the LPS is not an impor­
tant antigen in attachment of the treponeme to mouse peritoneal cells 
in the absence of antisera since the LPS did not competitively 
inhibit attachment as compared to the control containing no LPS and 
no antisera. 
The enhanced vitro attachment of treponemes to peritoneal 
cells in the presence of specific antiserum raises the possibility 
that a similar host defense mechanism against T. hyodysenteriae may 
occur vivo once antibody is produced. In animals infected with 
the treponeme, the presence of inflammatory cells such as neutrophils 
and macrophages is obvious in the lamina propria of the large 
intestine (3). Our results support the hypothesis that these ce^ls 
are effective in defense of the host against T. hyodysenteriae since 
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lesions caused by the treponemes are restricted to the large intestine. 
Joens/ et al. (55) showed that pigs having recovered from infec­
tion with a specific serotype of T. hyodysenteriae of the same sero­
type. In a recent study, ligated colonic loops were used to show 
that in pigs having recovered from infection with any one of four 
specific serotypes of treponemes was protected (56). The data ob­
tained from the present study correlate with these studies. In 
another study, pigs that had recovered from infection with one sero­
type of T. hyodysenteriae were orally inoculated with another serotype 
of the organism and gross clinical signs indicated that these animals 
were protected against serotypes studied (57). These studies suggest 
the involvement of at least 2 mechanisms of host defense in the 
animal having recovered from the disease, including serotype-specific 
and serotype-nonspecific defense mechanisms. The presence of 2 or 
more lines of host defense against the treponeme would indicate that 
there is more than 1 pathogenic mechanism of T. hyodysenteriae in 
the disease process. We propose that a serotype-specific mechanism(s) 
of host defense involves antibody against treponemal LPS. 
Earlier work in our laboratory showed that the LPS extracted 
from T. hyodysenteriae is biologically active in its ability to act 
as a mitogen for splenocytes, to increase macrophage Fc and 
receptor-mediated phagocytosis of red blood cells, to be cytotoxic 
for peritoneal cells in culture, and to generate a chemotaxin(s) 
in fresh serum (76). It is possible that LPS is liberated from T. 
hyodysenteriae during the disease state and that it is active in 
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the induction of lesion formation. It is very likely, then, that 
antibody to the serotypic LPS renders at least partial protection. 
In conclusion, our results indicate that the LPS extracted from 
T. hyodysenteriae contains an antigenic determinant(s) against which 
serum antibody is produced. If the LPS is involved in the patho­
genesis of swine dysentery, as suggested above, it is probably not 
important in the attachment of T. hyodysenteriae to colonic mucosa. 
Our study supports the hypothesis that antibody against serotype-
specific LPS is involved in host defense against T. hyodysenteriae. 
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SUMMARY 
Treponema hyodysenteriae was shown to attach to mouse peritoneal 
cells in the absence of serum opsonins ^  vitro. If serotype-specific 
antisera from pigs were added to the media and treponemes of that 
corresponding serotype were employed in the assay, the amount of at­
tachment increased an average of 3.7 times that of the control with­
out pig sera. However, the amount of attachment was increased an 
average of only 1.5 times that of the control if organisms of any 
noncorresponding serotype of T. hyodysenteriae were used in the assay. 
Since the lipopolysaccharide extracted from T. hyodysenteriae is 
the basis for serotyping the treponeme, the ability of these distinct 
lipopolysaccharides to block attachment by blocking opsonization 
of the organisms was tested. Attachment, using corresponding antisera 
and treponemes, was blocked by LPS extracted from treponemes of that 
serotype, but not by LPS extracted from treponemes of other serotypes. 
These results indicate that antibody response to T. hyodysenteriae 
infection in pigs is serotype-specific. Furthermore, since opsoniza­
tion and subsequent attachment of bacteria to phagocytes is known 
to be a protective mechanism, we suggest that the LPS may be an 
important antigen in the stimulation of host defense against the 
treponeme. 
I 
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PART IV. SUSCEPTIBILITY OF TREPONEMA HYODYSENTERIAE 
AND TREPONEMA INNOCENS TO A HEAT-LABILE 
COMPONENT OF PORCINE SERUM 
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INTRODUCTION 
Isolates from each of the four serotypes of T. hyodysenteriae 
cause lesions in the large intestines of pigs (1, 2) and mice (5). 
Isolates belonging to serotype 1 have been discovered which cause 
lesions in mice, but not pigs when inoculated orally (personal ob­
servation) . Treponema innocens, on the other hand, is nonpathogen­
ic in both pigs (9) and mice (5). 
The lesions caused by T. hyodysenteriae are restricted to the 
large intestine (3). Furthermore, the lesions are located on the 
superficial mucosa and do not extend beyond the lamina propria (3). 
Bacteria that are nonpathogenic or pathogenic only in a local­
ized region of the host anatomy tend to be more susceptible to 
serum bactericidal components than do pathogens of the same species 
that cause a systemic bacteremia (62, 63, 89). In the present study, 
we tested the effects of fresh normal pig serum on the growth of 
T. hyodysenteriae and T. innocens in order to investigate the possi­
bility that a nonspecific serum component(s) may prevent the invasion 
of T. hyodysenteriae beyond the confinement of the large intestine. 
I 
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MATERIALS AND METHODS 
Treponema hyodysenteriae isolates B234, B204, B169, A1, T22, 
and T26 belonging to serotypes 1, 2, 3, 4, 1, and 1, respectively, 
and T. innocens isolates 421, B256, and 477 were grown as previously 
described (90). Briefly, treponemes were grown at 38*0 in trypti­
case soy broth (TSB; BBL, Cockeysville, MD) containing 5% fetal 
bovine serum (FBS; Grand Island Biological Co., Grand Island, NY) 
under an atmosphere of 50% CO^ and 50% . One ml of individual 
cultures containing 10^ to 10^ viable T. hyodysenteriae or T. inno­
cens organisms was passed into each of six tubes: two containing 7 
ml TSB plus 1 ml FBS per tube, two containing 7 ml TSB plus 1 ml 
fresh normal pig serum (NFS) per tube, and two containing 7 ml TSB 
plus 1 ml normal pig serum of the same lot as that mentioned pre­
viously which had been heat-inactivated at 56°C for 40 minutes (HI 
NFS). Three or four replicate experiments were performed per iso­
late tested. Naturally farrowed pigs (National Animal Disease 
Center, Ames, Iowa) served as the source of sera. Serum samples 
from randomly selected pigs of this herd were negative for the pre­
sence of antibody to T. hyodysenteriae and T. innocens using the 
enzyme-linked immunosorbent assay (54). 
After incubation of 38®C for 24 hours, the cultures were dilut­
ed and counts of bacteria were made by streaking plates containing 
trypticase soy agar and 5% citrated bovine blood and incubating the 
plates at 42*C under an atmosphere of 50% H^ and 50% CO^. Plates 
were examined five days later for the presence of hemolytic zones. 
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CP1 mice (Sprague Dawley, Madison, WI) weighing 20-25 grams 
were inoculated ip with 2 ml broth cultures of T. hyodysenteriae iso­
lates T22 (3 mice), A1 (3 mice), T26 (3 mice), B169 (3 mice), and 
Q 
B204 8 mice) containing approximately 2 x 10 viable organisms or 
intracardially (ic) with 0.1 ml broth culture of T. hyodysenteriae 
isolates T22 (4 mice) or B204 (11 mice) containing approximately 
10^ viable organisms. Control animals were inoculated ip with 2 ml 
TSB (4 mice) or ic with 0.1 ml TSB (7 mice). Mice were observed for 
mortality daily for two weeks. At two weeks after inoculation, mice 
were killed and the liver, spleen, lungs, and heart were examined 
for the presence of gross lesions. Tissue fluids from four mice that 
had been inoculated with T22 were cultured on blood agar plates as 
described above and these were observed 5-6 days later for the presence 
of T. hyodysenteriae. 
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RESULTS AND DISCUSSION 
All isolates of T. hyodysenteriae tested were capable of grow­
ing in the presence of NPS (Table 4.1) within a 24-hour period. All 
isolates of T. innocens were highly susceptible to bactericidal 
activity of NPS (Table 4.2). Lysis of the treponemes by NPS was 
dependent on a heat labile component(s) since the organisms were 
capable of growing in the presence of HI NPS. Growth of T. innocens 
in the presence of FBS or HI NPS was not as great as the growth of 
T. hyodysenteriae 24 hours after initial passage which may be due to 
the presence of a growth antagonist or the absence of a growth stimu­
lant for T. innocens in these sera. 
Inoculation of mice ip or ic with T. hyodysenteriae had no ob­
servable effect on the mice. No lesions were noted in any of the 
mice at necropsy and T. hyodysenteriae was not isolated from any of 
the tissues examined by culture on blood agar. 
The fact that pathogenic treponemes are restricted to a local­
ized region indicates that a host defense mechanism exists, but 
whether this involves a direct defense mechanism of the host, such as 
a neutrophil or mononuclear phagocyte response, or a more indirect 
effect, such as oxygen tension in the blood is unknown. Furthermore, 
our data do not eliminate the possibility that T. hyodysenteriae 
is susceptible to the bactericidal effects of normal serum. The 
methodology employed was not sensitive enough to test the effects 
of serum on the treponeme. It is possible that the serum did decrease 
viability of T. hyodysenteriae but that within the 24-hour incubation 
( 
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period, remaining viable organisms proliferated to the extent that 
we received counts noted in Table 41. 
The inability of T. innocens to grow in NFS and its inability 
to cause lesions in the large intestines of pigs and mice could in­
dicate that the heat labile component(s) which causes bactericidal 
effects in serum may also be active in the gut. 
The difference in susceptibility of T. hyodysenteriae and T. 
innocens to NPS after 24 hours incubation may be due to a difference 
in the outer envelope of the bacteria. The lipopolysaccharide moiety 
of T. hyodysenteriae may prevent lytic effects of antibacterial com­
pounds on the organism as has been indicated with other Gram-negative 
bacteria (59, 91, 92). The LPS on the surface of the four sero-
typic groups of T. hyodysenteriae are different antigenically (6, 
93), suggesting chemical differences among the LPS. The slight vari­
ation in susceptibility of the various isolates of pathogenic T. 
hyodysenteriae to NPS and HI NPS (Table 4.1) could also be due to 
the chemical or structural composition of the LPS on the treponemal 
surface. Although the extracted LPS from T. hyodysenteriae and T. 
innocens organisms are antigenically dissimilar (6), chemical dif­
ferences between the LPS molecules from these species have not been 
defined. 
In conclusion, Treponema innocens was shown to be susceptible 
to a heat-labile component(s) of serum and this could possibly have 
a role in preventing pathogenicity of this organism. Further studies 
must be performed in order to determine the effect of fresh serum 
on the viability of T. hyodysenteriae. 
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Table 4.1. Efffect of sera on the growth of T. hyodysenteriae 
Sera B234 B204 B169 Al T22 T26 
PBS O
 1 o
 œ
 0
 
1 
VO 
o
 
1 o 10® 1 
o
 10® 1 
o
 10® 
NFS 10^-10^ 0
 
1 o
 œ
 
10)4-10® 10*-10^ 10®-10® 1 
in 
o
 10^ 
HI NFS 10^-10^ 0
 
1 o
 00
 
10^-10^ '10®-10^ 10®-10® 10?-10® 
lumbers represent ranges of organisms per ml using 3 or 4 repli­
cate experiments to obtain the ranges. 
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Table 4.2. Effect of sera on the growth of T. innocens 
Sera 421 B256 B359 
FBS 10^-10® 10®-10® 10®-10^ 
NPS 0 0 0 
HI NPS 10^-10^ 10^-10® 10® 
lumbers represent ranges of organisms per ml using 3 or 
replicate experiments to obtain the ranges. 
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SUMMARY 
Isolates pathogenic for pigs and mice from each of the four 
serotypes of Treponema hyodysenteriae were capable of growing in 
broth culture medium containing fresh normal pig serum within a 24-
hour incubation period. Two other isolates of T. hyodysenteriae 
which cause disease when orally inoculated in mice, but not pigs, 
also grew in the presence of fresh normal pig serum. Although iso­
lates of T. hyodysenteriae were not susceptible to normal pig serum 
they were unable to induce a bacteremia when inoculated intra-: 
cardially or intraperitoneally. 
Isolates of Treponema innocens, a nonpathogen in both mice and 
pigs, were unable to survive in the presence of fresh normal pig 
serum unless it had been heat-inactivated for 30 minutes at 56®C. 
The results indicate that a heat-labile" component of porcine serum -
is responsible for destruction of T. innocens in culture. More 
sensitive assays must be performed to"determine the effect- of fresh" 
pig serum:on T. hyodysenteriae. 
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CONCLUSIONS 
Treponema hyodysenteriae organisms, but not Treponema innocens, 
were capable of growing in the presence of fresh normal pig serum. 
A heat-labile component of the serum appeared to be responsible for 
the bactericidal activity since serum that was heat-inactivated for 
30 minutes at 56°C was not bactericidal for T. innocens. The dif­
ference between T. hyodysenteriae and T. innocens in their suscepti­
bility to serum components may be due to the outer envelopes of the 
treponemes. 
Lipopolysaccharide extracted from T. hyodysenteriae was 
shown to be toxic for macrophages at concentrations of 15 pg/ml 
and higher. Enhancement of Fc and C3 receptor-mediated phagocytosis 
by macrophages obtained from animals treated with treponemal LPS 
was noted. Treponemal LPS also induced the uptake of tritiated-
thymidine by splenocytes and stimulated the generation of a chemo-
taxin in serum. The LPS was further implicated in the disease proc­
ess caused by T. hyodysenteriae since the treponeme was able to 
cause lesions in LPS-susceptible, but not LPS-resistant strains of 
mice. Furthermore, the LPS was lethal for susceptible strains, 
but not for the resistant strains in the presence of actinomycin D. 
The treponemal LPS was chemotactic for macrophages from the LPS-
resistant, but not the LPS-susceptible strains. 
The opsonic activity of serum from animals having recovered 
from infection with T. hyodysenteriae was shown to be serotype-
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specific. Because LPS extracted from the treponemes is the basis 
for serotyping, the results suggested that LPS may be important in 
protection of the host against T. hyodysenteriae. 
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APPENDIX A; AFFECT OF ANTI-INFLAMMATORY AGENTS ON 
LESION DEVELOPMENT IN SWINE 
85 
The acute inflammatory response observed in the colon of pigs 
with SD is characterized histologically by the presence of poly­
morphonuclear and mononuclear leukocytes in the lamina propria of 
the intestinal wall. 
Whether the inflammatory response is related to causation of 
the disease is unknown. In order to directly address this question, 
the inflammatory response may be reduced by administration of anti­
inflammatory agents to the affected animals. Antihistamines reduce 
the effects of mast cell degranulation and these agents may be help­
ful in analyzing a possible role for mast cells and their products 
in the pathogenesis of SD. 
In the present study, indomethacin and dexamethasone, two anti­
inflammatory agents, and pyrilamine, an antihistamine, were given to 
6-8 week old pigs which were later inoculated with T. hyodysenteriae. 
Pigs were divided into five groups and were treated as follows; 
group 1 - 2 mg dexamethasone (1 ml) im on days 3 through 7 
group 2 - 2 jng dexamethasone .(1-ml) im on days 0 through 5 
group 3 -.25 mg pyrilamine (1 ml) im on days 3 through 9 
group 4-50 mg indomethacin (10 ml) orally, on days 3 through 9 
group 5 - no drug treatment (controls) 
Groups of animals were housed separately according to treatment. Pigs 
9 
from all five groups were orally exposed to approximately 10 viable 
T. hyodysenteriae organisms, isolate B204, in a volume of 90 ml on 
days 1 and 2. Fecal samples from each pig were examined for T. 
hyodsenteriae daily by culturing on trypticase soy agar containing 
I 
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5% citrated bovine blood and 400 pg/ml of spectinomycin sulfate. 
Clinical signs of SD were recorded daily and pigs were necropsied 
on day 8. The large intestines were examined for lesions of SD at 
necropsy. 
As shown in the table, none of the three drugs effectively pre­
vented lesions in all animals of that group. One pig from group 4 
(indomethacin-treated), 2 pigs from group 3 (pyrilamine-treated), and 
2 pigs from group 2 (dexamethasone-treated) were found dead before day 
8. These animals and others in-groups-1,-2, 3,-and 4 had lesions 
associated with other organs besides -the colon, such as the lungs, 
liver, and spleen, indicating a generalized suppression of host de­
fenses. Furthermore, two of the pigs that were found dead did not 
have lesions of SD. Control animals which received no drugs did not 
have grossly detectable lesions in organs^other than^the large^in? ..in­
testine. 
These results are inconclusive perhaps due to an inappropriate 
drug dosage, schedule of administration relative to culture inocula­
tion; or type of anti-inflammatory drug given. Due to these possi­
bilities, "the results cannot be considered as negative, i.e. do not 
exclude the possible importance of the inflammatory response in the 
pathogenesis of SD. A thorough microscopic.examination of colonic 
tissue from drug-treated animals is necessary in order to be certain 
one has prevented influxes of inflammatory cells. Finally, an in-
direct approach for testing the role of inflammation in the disease 
process may prove to be more definitive since the drugs used in the . 
• 
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present study act in a generalized manner resulting in inconclusive 
results. 
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Table A.l. Effect of anti-inflammatory agents on the pathogenesis 
of swine dysentery 
Group Fecal Clinicgl Gross 
Culture Signs Lesions 
1 7/8° 4/8 4/8 
2 6/6 4/6 4/6 
3 4/4 2/4 2/4 
4 4/4 3/4 4/4 
5 10/10 7/10 7/10 
^Data represent ability to culture T. hyodysenteriae from 
fecal samples any day between the second inoculation and necropsy. 
b ' ' Clinical signs were defined as diarrhea in the presence or 
absence of blood, mucus, or fibrin. 
°Data are expressed as the number-of pigs positive/the total 
number sampled. 
t 
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APPENDIX B: INVESTIGATION OF A ROLE FOR INFLAMMATION 
IN THE PATHOGENESIS OF SWINE DYSENTERY 
USING A GERM-FREE MOUSE MODEL 
I 
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Treponema hyodysenteriae is capable of colonizing the large in­
testines of germ-free mice without inducing gross lesions which are 
observed in conventionally-reared mice and gnotobiotic mice which 
are colonized with Bactericides vulgatus and T. hyodysenteriae. 
Microscopic lesions, including focal cellular changes at the base of 
the mucosal crypts, vacuolated epithelial-cells, and nuclei containing 
clumped chromatin are present in T. hyodysenteriae monoinfected ani­
mals. The changes, however, are mild compared to the changes seen 
microscopically in diseased, conventionally-reared mice. Because 
germ-freé mice are not subject to constant exposure to potentially 
infectious bacteria, it is likely that their immune systems are im­
mature. For example, we have observed that their blood contains few 
neutrophils compared to that of conventionally-reared mice (personal 
observations )é-./Studies comparing intestinal tissue from germ-free .' : 
mice to that of conventionally-reared mice have shown many morpholog­
ical as well as histiological differences, and in particular a rela­
tively low number of leukocytes-in theMamina propria of germ-free -
mouse intestines. : -If inflammation-is important,in the pathogenesis ., 
of the disease caused by T. hyodysenteriae, then it is not surprising 
that germ-free mice are affected only mildly by the organism. 
Since T. hyodysenteriae causes gross lesions in a gnotobiotic 
mouse which is colonized by B. vulgatus only, it is likely that B. 
vulgatus serves to conventionalize the intestine with respect to T. 
hyodysenteriae. It is unknown how B. vulgatus serves to provide the 
appropriate environment for the expression of pathogenic mechanisms 
I 
of T. hyodysenteriae. Thus, in order to test the hypothesis that in­
flammation is important in the pathogenesis of the treponemal-induced 
disease in mice, nonviable inflammatory agents were administered to 
germ-free mice in order to induce the release of neutrophils from the 
bone marrow. Once the animal was prepared to mount an inflammatory 
response, we hypothesized that it could possibly do so in response to 
T. hyodysenteriae infection resulting in lesion formation in the large 
intestine. 
Female, germ-free CFl mice weighing 18-20 grams were used in the 
experiment. There were five mice per cage. Sephadex G-25 (Phamacia, 
Upsala, Sweden) and Freund's incomplete adjuvant were used as in­
flammatory agents and were given ip in volumes of 1 ml and 0.5 ml, 
respectively, per day. When T. hyodysenteriae was employed, 1 ml in­
oculum containing approximately 10® viable organisms (isolate B204) 
was administered intragastrically (per day). The following protocol 
was employed; 
Isolator 1; 5 mice given no treatment (i.e. germ-free throughout 
experiment, negative controls) 
Isolator 2; 10 mice given Freund's incomplete adjuvant on day 1 
and T. hyodysenteriae on days 4 and 5 
10 mice given Sephadex G-25 on days 1 and 2 and T. 
hyodysenteriae on days 4 and 5 
5 mice given T. hyodysenteriae on days 4 and 5 
Isolator 3: 10 mice given B. vulgatus on day 1 and T. hyo­
dysenteriae on days 4 and 5 (positive controls) 
On day 15, mice were killed and their large intestines were ex­
amined for the presence of gross lesions. Seven of ten mice which 
had been inoculated with both B. vulgatus and T. hyodysenteriae had 
developed cecal lesions characterized by a catarrhal cecitis, hyperemia, 
and edema. None of the four treatments induced the production of gross 
lesions in mice. 
Results from the present study are inconclusive. It is possible 
that the schedule of administration of the inflammatory agent, or the 
inflammatory agent itself was inappropriate for determining validity 
of the hypothesis that inflammation is involved in the pathogenesis of 
the disease caused by T. hyodysenteriae. An oral adjuvant may have 
been more useful in the present experiment. Use of such an agent would 
necessitate a control group given only the oral adjuvant since intesti­
nal lesions could be readily produced due to the harsh nature of such 
compounds. It could be difficult to differentiate the effects of the 
oral adjuvant from the effects of T. hyodysenteriae. 
Freund's incomplete adjuvant given ip had deleterious effects on 
the behavioral condition of the mice. They appeared to be extremely 
weak and in a general state of malaise. Thus, a higher dosage of the 
adjuvant would not be advisable. Sephadex G-25 did not affect the 
visible condition of the mice, and it is not known whether the dosage 
administered induced an exudate in the peritoneal cavity. If the study 
were re-examined, measurement of the inflammatory response in the 
peritoneal cavity of several animals before inoculation of the remain­
ing animals with T. hyodysenteriae should be performed. 
